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Assistant Commissioner for Patents 
Washington, D.C 2023 1 

Dear Sir: j; 
I, Jaines Komorowski, declare and state as follows: 

1. I am the Vice President of Technical Services & Scjientific Affaire at 

C*Nutrition2r , ) 1 the assignee of the above-captioned patent application. A significant 
our research at Nutrition 21 targets the diabetes marketplace.! 



Nutrition 21, Inc. 
portion of 



2, I received a Bachelor of Arts degree in biology from j$tate University of New 
M.S, in medical biology from Long Island University. ! : 



3. I have extensive experience in the field of diabetes-rejiated research. I joined 
in 1997. From 1997-1999 I served as Senior Manager of Clinical and Regulatory 
1999, I became Director of Product Development, and 20(|l moved to my current 
Vice President of Technical Services and Scientific Affairs |t Nutrition 21 . Prior to 
at Nutrition 21,1 spent nine years in the pharmaceutical industry, holding product 
clinical research, and regulatory affairs positions at jinajor pharmaceutical 
Additionally, I have worked for a number of years in acad|mia as a research associate 
New York Hospital for Special Surgery and Memorial SloanfKettering Cancer Center 



4. As one who has had familiarity with in the field of (Jjiabetes research for several 
am intimately familiar with the underlying causes of this dfcease, as well as the 

The hallmark of diabetes fs increased blood glu 



risk factors associated therewith. 



icoie 



York and a 
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hyperglycemia. Various underlying causes of hyperglycemia and diabetes in i r 

For example, it is well known that Type I Diabetes arises fr^m an absolute deficiency 
secretion by pancreatic cells. Type II Diabetes arises fromjja combination of defects 
secretion and defects in cells' abilities to respond to insulifl(j(i.e., insulin resistance) 
there is variation in the underlying cause of diabetes, sin<£e the end result is hyp 
diabetes therapy is typically aimed at ameliorating this cot|dition. In fact, the most 
factor in treating Type II Diabetes is the treatment of hyperglycemia. 
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5. This principle is shown in the Position Statement Authored by the Americjn 
Ass<>ciation entitled "Diagnosis and Classification of Diatoetes Mellitus," ((2005) 
Care, Vol 28, Supp, 1, S37-S42), and in the portion of the Renter for Disease Control 
regarding frequently asked questions about 

(http://wwwxdc.gov/diabetes/faq/basics.htm, last visited 3/15/05). The Americah 
Association, which is a leading organization in the field of <j[iabetes, defines diabetes 
metabolic diseases characterized by hyperglycemia, The Portion Statement describes 
und0rlying causes of hyperglycemia, as well as diabetes); treatments aimed at 
condition. The Center for Disease Control, a leading research institution with vast 
the field of diabetes, also defines diabetes as "a disease in wfhich blood glucose levelfe 



normal," and discusses the maintenance of glucose levels 
**treatment for diabetes." 
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6. I hereby declare that all statements made herein of r#y own knowledge are 
all statements made on information or belief are believe^ to be true, and furthet 
statements were made with the knowledge that willful false pstatements and the like 
punishable by fine or imprisonment, or both, under Section jjOOl of Title 18 of the L 
Code and that such willful statements may jeopardize the valjjdity of the application oj 
issued thereon. 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

I, James Komorowski, declare and state as follows; 

L I am the Vice President of Technical Services & Scientific Affairs at Nutrit on 21, Inc. 
("Nutrition2r'), the assignee of the above-captioned parent application. Our [research at 
Nutrition 21 targets the diabetes marketplace. 



PATENT 



S1.132 



2. I received a Bachelor of Arts degree in biology from State 
York and a M.S. in medical biology from Long Island Uni verity. 



University of New 



3. I have extensive experience in investigating the role of chromiuir 
nutrients in ameliorating metabolic disorders, including, ambng others, hyperglycem 
Nutrition 21 in 1997. From 1997-1999, 1 served as Senior Manager of Clinical and 
Affairs, Tn 1999, I became Director of Product Development, and 2001 moved to 
position as Vice President of Technical Services and Scientific Affairs at Nutrition \ 
my employ at Nutrition 21, I spent nine years in the pharmaceutical industry, 
management, clinical research, and regulatory affairs positions at major pha}rmaceutical 
companies. Additionally, I have worked for a number cjif years in academia as 
associate at both New York Hospital for Special Surgery ai^d Memorial Sloan-Kettejing 
Center 
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4. Throughout the course of my career, I have (completed more than 1(0 research 



studies, submitted over 10 regulatory submissions to the Fiji A, and am an inventor 
patents. I lead Nutrition 21 's scientific research team. 



m over 12 



5. Since I joined Nutrition 21, I have be|bn involved in the cesign and 
implementation of studies to assess the effects of selected nutrients on glucose uptake in humans. 
To this end, I oversaw the development and adaptation of a |nodel system using huir an skeletal 
muscle cultures to screen candidate nutrients for benel|cial effects in the regulation of 
carbohydrate metabolism in humans. The usefulness of t|is system as a model or glucose 
metabolism in non-insulin dependent diabetes mellitus isj set forth in Henry et uL ((1995), 
Diabetes, 44:936-946), attached hereto as Exhibit A. j 



6. Based on their postulated role in carbohydrate metabolism, biotin, pic^linic 
argiriine, u-lipoic acid, N-actylcysteine, Reservatol, and Conjugated Linoleic Acid 
alone or in combination with chromium picolinate (CrPic) for their ability to 
mediated glucose uptake in skeletal muscle cultures, as a model for the metabolic 
characterizes Type U Diabetes. Prior to the in vitro experiments measuring gluco; 
was not known whether the nutrients tested would have py effect, an additive 
synergistic effect, on insulin mediated glucose uptake in the ijjresence of CrPic. 
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7. To assess glucose uptake, [ 3 H]C-deoxygIuco|c was added to cultures! of skeletal 
muscle, in media with or without insulin and the test nutrients, and uptake of the labeled glucose 
by the cells was calculated. I; 

; . 'i 

fctms 



8, The results from these experiments are presented in Table 2, which 
this Declaration (Exhibit B). The first column in Table 2i| identifies the nutrient 
second column ("Concentration") indicates concentration <ff the test nutrient(s) added 
culture media. The "Control" row refers to cultures in whi^h no nutrients or CrPic 
and reflects the baseline level of insulin-mediated glucose udtake in the absence of 



The 



columns, and is reported in terms of <6 % change," in the final 
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muscle model system 



te sted, 



9. The in vitro data generated with the skeletal 
unexpected result that the combination of CrPic with Bictin enhanced glucose uptake 
compared to the stimulation of glucose uptake seen with CjHPic alone or Biotin alone 
combination exhibited a synergistic effect), as shown in Taljjle 2. Of the nutrients 
was one of the nutrients tested that worked synergist! cally vjjith chromium picolinate 
glucose uptake. A graphical depiction of the synergistic e|fect is shown in the Fig are 
"Glucose Uptake in Human Skeletal Muscle Cells," attach^ hereto as Exhibit C 
indicates that chromium picolinate alone caused a 0.16 change in glucose uptake levels 
alone had almost no effect on glucose uptake levels. The combination of biotin am 
picolinate, however showed a dramatic 0.65 change in glucose uptake levels 



10. 1 hereby declare that all statements made he rein of my own knowledge 
and that all statements made on information or belief are Ijelieved to be true, and 
these statements were made with the knowledge that willful jalse statements and the 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
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States Code and that such willful statements may jeopardize |ie validity of the application or any 
patent issued thereon. 




By^ 

James Komorowski 




Date: ji^^L^y Zg* ^ 
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EXHIBIT A ' 
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tailim Ad&m m& Qlmam MetalboMsm fa Nwdiatetk 
Comparison Using Human Skeletal Muscle Cell Cultures 

Robert R. Henry, Leslie Abrams, Svetlana Mkoulina, and Theodore P. Ciaraldi 



Myoblasts from human skeletal muscle were isolated 
from needle biopsy samples of vastus lateralis and fused 
tto differentiated multinucleated myotubes. Specific Wgh- 
afflnity insulin and insulin-like growth factor I (IGF-I) 
binding, glucose transporter proteins GLUT! and GLUT4, 
glycogen /synthase and pyruvate dehydrogenase proteins! 
and tJtieSr'specMc mMNM were Identified' in fused myo- 
tomes. Insulin and IGF4 stimulated S-deoxyghicose up- 
take twofold with half-maximal stimulation by insulin at 
0.98 ± 0-12 nmol/1 andmasimal stnuulatiom at 17,5 nmoI/L. 
Acute insulin treatment (33 nmol/l) doubled glycogen 
synthase activity and glucose incorporation into glycogen 
while increasing pyruvate dehydrogenase -30%, In cells 
cultured from HTODM subjects, both 'basal (6.9 ± m vs. 
13.0 £ 1.7 pmt& - mg protein" 1 • nun" 1 ) and acute insulin- 
stimulated .transport (13.5 ± 2.0 vs. 22.4 ± 1.3 pmcl-nog 
protein" min J ) were significantly reduced compared 
with nondiabetic control subjects (both P s 0.005). 
QLVTl protein content of total membranes from NIDBM 
subjects was decreased compared with control subjects, 
wMie GLUT4 levels were similar between groups. A sig- 
nificant correlation (r = 0.65, P < 0.05) was present when 
maximal rates of insulin-stimulated glucose transport in 
cell culture from subjects were compared with their 
corresponding in vivo glucose disposal determined by 
hypeiinsulinemic glucose clamp. In summary, differenti- 
ated human skeletal muscle cultures exhibit biochemical 
and molecular features of insulin-stimulated glucose 
transport and intracellular enzyme activity comparable 
with the in vivo situation. Defective insulin-stimulated 
glucose transport persists in muscle cultures from 
NTOBM subjects and resembles the reduced insulin-medi- 
ated .glucose uptake present in vivo. We conclude that 
this technique provides a relevant cellular model to study 
insulin action and glucose metabolism in normal subjects 
and determine the mechanisms of insulin resistance in 
NmBM.J)labetes 44:936-946, 1995 
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DTT dtttoothTeitol; FBS, JeUl bovine serum; FfTC, fluorescein tatihb££2£ ; FV 

IGF-I, InsulWiJce growUi factor 1; MfiM, mirdiiiuin essential medium; PAGE 
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wothioqmnatc; UCSD, University u r California, San Diego. 



keletal muscle is the principal site of insidin-raedi- 
ated glucose uptake and utilization in humans (1) 
and several disorders including obesity and NIDDM 
are characterized by impaired insulin action in this 
tissue (2,3). Investigations into the mechanisms of insulin 
acnon and carbohydrate metabolism in both normal and 
msuhn-resistant states have been hampered, however by 
difficulties in accurately assessing both in vivo and in vitro 
events in this primary target tissue. Interpretation of clinical 
studies are usually complicated by the inability to accurately 
localize events in this tissue due to the presence of multiple 
metabolic variables that cannot be adequately controlled or 
accounted for. Although in vitro assessment is less influ- 
enced by such confounding variables, studies are commonly 
conducted in cell cultures of animal species, which may not 
be relevant or suitable as models of human muscle tissue 
Isolated samples of human muscle obtained at surgery or bv 
biopsy have also been used to assess muscle glucose metab- 
olism but are restricted by the static nature of measurements 
and the inability for longitudinal evaluation after metabolic 
mampulations. Many of these limitations have been over- 
S£ re f nt descri P tio * <*' * human skeletal muscle 
ce 1 (HSMC) culture system (4,5) that is suitable for meta- 
bolic studies. 

In this report, we have utilized and adapted the ability to 
culture human skeletal muscle to evaluate insulin action and 
glucose metabolism in normal and NIDDM subjects using 
small amounts of muscle obtained by needle biopsy of vastus 
fcterahs The preparation, growth, and characterization of 
these^cultures is detailed and demonstrates that after fusion 
and differentiation, muscle cells manifest both basal and 
insuJm-stimulated glucose transport as well as intracellular 
glucose metabolism that resembles the in vivo situation Wc 

S^ S nni° Wn i tha£ CUltUred musde ceUs fr om subjects 
with NIDDM conunue to manifest defects of tasulin-stmui- 
lated glucose ixanspprt, which may reflect the impaired 
muscle glucose uptake present in vivo. 

RESEARCH. DESIGN AND METHODS 

Materials. All radioisotopes were obtained from Du Pont-NEN (Boston, 

(TRITC) and Hoedial dye 33342 were obtained from Molecular Probes 
(Eugene, OR). Muscle bioiwy needles wen- purcltased from Baxter V 
Mueller (McGaw Park, IL). Biotinylated rabbit anti-mouse IgG was 
obtained from Vector (BurUiujame, CA) and streptavitien-fluorescein 
isottuocyanate (F1TC) from Zymed (San FWriscn, CA). Monoclone 
mouse, aim-rabbit skeletal myosin fast (heavy-chaiiO antibody was 

rtTARRTKS. Vfll. 44. »1»;i».t one 



fe^fe: Subject characteristics 



l!§& 



Normal 
subjects 



n H 

Age (years) 42 ± 2 

Body mass index (kg/m 2 ) 27.5 ± 1.0 

Insulin (pmol/1) 36 ± 12 

fasting plasma glucose (mmol/l) 5.2 ± 0.1 
gral glucose tolerance test (2 h, 75 g) 

Glucose (mmol/l) 6,0 ± 0.1 

: Insulin (pmol/1) 382 ± 93 



NIDDM 
subjects 

11 

50 ±2* 
30.4 ± 12 
102 ±3* 

8.8 ± 0.9* 

14.9 ± 1.2* 
293 ± 71 



^= Data are means ± SK. *P < 0.05. 



purchased from Sigma (St. Louis, MO). Polyclonal antibodies raised to 
t-'jthe COOH-terminal sequences of both glucose transporter GLUT1 
V : (RaGLUTRANS) and GLUT4 (RalRGT) iaoforms were obtained from 
£-Bast Acres Biologicals (Soiifchbridge. MA). Human insulin, insulin-like 
^.growth factor I (IGF-I), [ ias I-Tyf A 14 ]*monoiodomsulin and [ lia l-Tyr 
:|^A ]-monoiodo-lGF-I were provided by Lilly (Indianapolis, IN). Culture 
p : growlh media (SkGM Bullet Kit) was obtained from Clunetics (San 
^Diego, CA). FeUl bovine serum (FBS) was purchased from Gemini 
i^alabasas, CA). a-Minimum essential medium (MEM), rxypsin/EDTA, 
-FungU)act, glutaminc, Ham's F-10 media, and horse serum were pur- 
based from Irvine Scientific (Santa Ana, CA). Creatine kinase (CK) was 
^ purchased from Boeliringer Mannheim (Indianapolis, IN). Protein assay 
j^Teagent was purchased from BioRad (Hercules, CA). PGem4Z-Amt7 
>> (QLUT4) arid pSGT (GLUT1) were acquired from the American Type 
:g;CuW Collection (RoekviUe, MD). The Riboprohe Gemini system used 
^.to construct liNA probes was obtained from Proroega (Madison, WI) 
g;.Restricrjon enzymes and the random primer DNA labeling kit* were 
^purchased from 15RL (Gaithersburg, MD). RNA STAT-60 was obtained 
r^from Tel-Test B (Fricndswood, TX). Anti-rabbit TgG conjugated with 
horseradish peroxidase and the ECL chemuuminescence kit were 
^ obtained from Amersham (Arlington Heights, IL). XAR-5 film was 
- obtained from Eastman-Kodak (Rochester, NY). All other reagents and 
;.y chemicals were purchased from Sigma 

:; : iHiiEmao subjects. The clinical characteristics of nondiahetic and 
:, ;NIDDM subjects (0) who provided muscle tissue for Lhese studies are 
; : .,sunuriarizcd in (Tabic 1). All subjects studied were men. The experi- 
: .mental protocol was approved by the CommUtee on Human lnvestitfa- 
: Uon of the University of California, Han Diego (UCSD). After explanation 
. : of the protocol, written informed consent was obtained from all 
.subjects. 

;. : glucose disposal rates. Of the 25 subjects who had needle muscle 
biopsies, 17 (13 nondiabetic and 4 NIDDM) also had in vivo rates of 
glucose disposal determined on a separate day using the hvperinsuUne- 
rmc glucose clamp technique. Procedures of Uie clamp study have been 
.described in detail previously (7). In brief, [3- 3 H]gIucnse was infused in 
a continuous manner throughout the entire study, begmning at least 3 h 
before the infusion of insulin. Insulin was infused in a primed continu- 
ous manner at 720 pmol- m" a -iiun-\ and plasma glucose was held 
constant at 5.0-6.6 mmol/l for 4-6 h. The glucose disposal rate (in 
nig • kg - rrun" ) was calculated during the final 40 min of each clamp 
.study from the isotopically determined rate of glucose disappearance 
(/?,)) corrected for changes in plasma glucose within its distribution 
space. ^ ... 

Muscle biopsy technique. Percutaneous muscle biopsies were per- 
formed on the lateral portion of the quadriceps femoris (vastus lateralis) 
.usmg a 5-mm diameter side-ouLting needle as described in detail 
previously (7). Tissue (250-400 mg) was obtained and processed 
irnmediateiy as described below. 

Skeletal muscle culture procedure. Growth of IISMCs was carried 
out using modifications of the methods of Blau and Webster (8) .and- 
Sarabia et al (9). At the time of biopsy, muscl a . tissue -was" placed in 15 
ml Ham s F-10 media at 4°C and carefully dissected, minced, and washed 
duree tunes with F-10 media at 4 n C and once a* 37°C to aid in removal of 
connective tissue. The tissue was then dissociated by three successive 
treatments of 20 min each in 26 ml 0.05% trypsin/EDTA at room 
tonmerature. Dissociated cells were centriruged at (U% lor 4 min at 
J- suspended in fully supplemented human skeletal growth 
media (SkGM BuUetKit) with 2% KBS arid no added insuliii. Cells wore 
plated on 100-mm dishes and placed in an incubator containing .95% 
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air/5% CO^ media were changed every 3-4 days until 70-80% conftii 
ence was obtained (4-6 weeks). 

To cUstinguish and separate myoblasts from potential contamination 
with fibroblasts, immunofluorescent flow cytometry using 5 mil 
monoclonal antibody that specifically recognizes a human muscle cell 
surface antigen (10) (provided by Dr. H. M. Blau, Uiuversity of Califor- 
nia, San Francisco), was used with a second antibody and fluorescent 
tag. For fluorescent sorting, cells were resuspended In F-10 media plus 
1% horse serum and analyzed using a FACStar Plus with an argon-ion 
laser (Becton-Didonson, Mountain View, CA). 

Each needle biopsy procedure of 250-400 mg yielded -1-2 x 10 6 
myoblasts. Cell number was detenruned using a 1-mm counting chamber 
and a light microscope. For studies of glucose transport, cells Were 
plated in 12-well tissue culture dishes at a density of 6,000 cells/well 
Insulin and IGF-I binding were measured in 24-weU plates seeded with 
4,000 cells/well. For other studies, 15,000-20,000 ceils were plated on 
100-mm dishes. Growth "was reestablished in specialized SkGM media 
without added insulin phis 2% FBS until 70-80% confluence was reached 
(average 3-4 weeks). At this stage, Uiese lhaHpaas cells were uniformly 
fused and differentiated into myotubes to prevent spontaneous fusion, 
resulting in variable mixtures of myoblast and myofcibca: Fusion was 

M^T^!^ 4 day9 m « MEM FBS ^ 1% peiucillin 

(200 U/miystreptomycin (200 mg/mJ). In a series of preUnunary studies 
(data not shown), it was determiiied that the. metabolic resjionsiveness 
of these cells wa* optimal after 4 days of fusion. TVrefore, except 
where noted, aU experiments were performed on 4day fused rnyotobes 
of first-pass cells. Muscle differentiation into myotubes was determined 
from histological evidence of muUmucleation from fluorescent micros- 
h^om induction of sarcomeric ut-actm protein on Western blot and 
CK-M rnRNA by slot blot analysis (aU described below), and from CK 
enzyme activity (expressed as UAng protein) determined by a spectro- 
photometric aiwy atwding to the manufacturer's instructons 
Stractraral analysns. To confirm fusion, cell cultures were in 3 7% 
formaldehyde in pluisphate-buffered. saline (PBS) for 30. min at room 
temperature. Myoblasts and myotubes were stained with fluorescent 
probes using 5 mmol/I TRITC (II) to label protein and 10 mmol/l 
Hoechst dye 33342 (12) to label nuclear DNA. To visualizo skeletal 
muscle, striations, myotubes were pemieabiiized with 0.2% Triton X-100 
m PBS for 15 min at room temperature, blocked with 10% normal goat 
serum, and incubated with primary antibody (monoclonal anti^sarco- 
menc actin) for 120 min (13). After being washed with PBS, cclte were 
incubated wilh TTO^njugated rabbit ariti-mouse TgG secondary anti- 
body and mounted in Gelvatol. C«Us were obseived using a fluorescence 
tnicroscope (Olympus BH2-RFC, Tpkj'o, Japan) at an excitafion wave- 
length of 546 nm from parallel cultures subsequently used for metabolic 
studies. Visual estimates of multinucleated myotubes were made from 
stained plates at the same time assays were performed 
Insulim and IGF-I receptor binding. To measure binding cells were 
grown co near confluence in 24-weU plates, followed by 'fusion and 
differentiation for 4 days. After washing four times with 0.5 nil room 
temperature reaction buffer of the composition (in mmol/l) 150 NaCl ^ 
KCI, 12 MgSO, , UCaCl^SNaH^, 10 HEPES, and l%bovine serum 
albumm,:pH 7.6, 460 ai buffer was added to each well and incubated in 
mS^^J^ 7 *. k "to"*n (final concentration 67 pmol/1) or 
I l-Tyr A 1IG* -1 (ftnai concentration 39 pmol/1) at 24°C for 2 h in the 
absence and presence of varying concentrations of unlabeled hormone 
The amount of receptor-bound hormone was determined after lysis with 
I N NaOH at 55°C on solubiiized cell suspensions as described in detail 
previously (14). 

2-Deo^rgIucose transport. Tlie procedure for glucose transport was a 
modification of the methods described by Klip et al (15) for IX 
inyocytea Cells were incubated with serum.free media containing 
varying concentrations of insulin (0-33 ruriol/1) or IGF-I (0 66 and 26 4 
nmol/l) for 60-90 min in a 95% Oy5% C0 2 incubator at 37°C Glucose 
uptake was detenrun.ed in triplicate at each point after the addition of 10 
ul substrate ([2- a H]deoxyglucoseA,(" , C]glucose, 0.1 mCl, final concen- 
tration 0.01 mmoW) to provide a concentration at which cell membrane 
transport is rate-limiting (16). The value for immense uptake was 
subtracted to correct each sample for the contributions of difiusion and 
trapping. Protein content was determined on a 100-ml aliquot of the cell 
suspension using the Bradford method (17). Except when noted, glucose 
transport is expressed as pmol • mg protein" 1 • min~ l . 
Glycogen synthase (GS) and pyruvate dehydrogenase (PDH) en- 
symo acti^ty. The activity of these enzymes was measured according 
to methods described in detail previously (18,19). b\ brief, fully fused 
myotube cultures were incubated at 37°C and 95% air/5% C0 2 in 
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serum-free et-MEM containing 5.5 inmol/1 D-glucose tor 1 h followed by 
^ Tr pbs rs Z£ 33 ^ ! nsuUn - ^ rinsU * *** 

wmi 4 C- PBS, GS buffer (18) was added to cultures, cells were scraped 

^Vf P1 ™ ,AlbRS anri son ^ ted ( 50 Sonic Disinembrator, Fisher 
Tustm CA) at settmg 8 for 30 s at 4°C. GS activity was assayed at a 
Phy.s.ologj,^ concentration of substrate (0.3 mmoM UDP-glucL) and 
W and 10 inmol/1 concenlralions of the allosteric activator, glucose 

Sr ( AfL ^ homo S™ izfid hy IB -slakes of a Bounce homog- 
eruzer. After centnfugauon at 20,<X% for 20 min, the mifrK-hon.lrial 

^pTr^ ta 20 " *o™*™**™ Golfer JESS 

^T^I Pr,« deteIInmc <' » l 0* P™"-'<«* of *«lmm fluoride, to 
d*ay acUve PDH and l n iu absence to measure ^ ^ ^ ° 

SyA eXPreSSed in mn ° l * m P " ,tein " ' * min " ' and ™ 
Glycogen synthesis. Glumse incorporation into glycogen was deter- 
mined as described by Ciaraldi et al. (20). Fully ruled myotubw wS- 
mcubated at 37°U with »5% air/6% C0 8 for 1 h in senurTfre *S 
^"7 f' 5 ^ "-Sl^e. All studies were carried „ut!n pSd 
100-nuT. dishes u.culwfed as above for an additional 1 Km the prewar" 

Ltd 3 ^ o Srf v"™**""* »<»w. 

Imur ^ I 0 "' ; nSU,m to media of f °' «« additional 

n^Ln a WC ? ySBd ' ' nd S^ 0 ** 1 ^ roJta *«d. Kesults arc ex- 
pressed as mnol glucose converted to glycogen • mg proton"' : tl -x 

* SS£J*^ cxtr, " tiu « »'RNA. Aftnr growth in iOO-mm dishes, total 

^Xlri^.'T^ "" d PUrUied fay method uS 

SNA STAT-60 according to the manufacturer's instructions. 
Wbonnclease protection assay 

action. Human muscle GS cDNA (21) (provided by Drs 
^! r " r0Wne I r aud Fletteiick, University of CaluWaX 

2S7i4 i rS,? 8 ^ ^ ff<Wdm ' and * e ^ent from 
Tfe ofa^. ?rf ' 3fi7 .> vati J , * aed *e Stratagene cloning vector BSSK " 
Kr , UiSHrte ' 1 ,nto ""Wetent DH5 Escherichia coti Based 

. » i. 1 er vv " Hii s y ntheBi ^<l the UCSD Peptide 
■£££T ^ y a, " , an " ealed to total RNA i30,a ^ ft"" tam* 
nucleotide 806 of PDH using avian reverse transcriptase (23). Aimdifl- 

nrtuded TSteSfTm^*^ prim ^ ** ^ taction 

'^cl r. nfiu P " H prln?er ■' wWl 341 i,lten »a» ft< I site and a 

debase 5 PDH pnmcr with an inlenud Ecam site. These primers wre 
used to an>pufy Oie PDI1 cDNA fragment from nucleofl«K ftTSS 
usmg the GcnoAmp Dhf A a lnp lifica,j on wt with AmpHTaq (24) 4c PCB 
product was digged with Pst I and ScoRI and SophoS on a 1% 

^TT g ™ With C * idium h ™Me- ™° band of Sst^eTc^e? 
jmd the DNA was eluted fmn, ,h e g e l by dwJTS l^DH S 

competent XU-BIue £. coa were transformed with *e resultant nia.*. 
nud. For GLUM and GLUTl probes, PGem 4Z.Amt7 was S 
S ^h UU! rrr ' Irr ' 1 ^S" 1 ^ ^ nucleotides SoSS* 
retrieved GLLT1 fragment from nucleotides 75 to 600 ligated into PGem 

inenUengUi polymon^iiwn and confirmed by sequence analnfa ?£2L 
Sequena^e (United States Biochemical, CteimdVaS 17 DNA^f 

specific acttvxty, smgltssiranded RNA probes from the cloned DjIa 

oum, Sp&veit were 8 — ^ ed forPDH ' ^ 0Um ' ^ rt 

HtffrW<i<za«o/i. A quunlily 0 f 25-116 u.g of dried total RNA 
1 nuTiol/1 EDTAj and 0.4 inoW NaCl). The mixture was heated at 85«C for 

pellet was resuspended in gel loading bulfer, heiUed to SSXforTnUn! 



loaded onto a 6.6% polyaaylamide gel, and run at. 400 V for 1 S h 
a vertical gel apparatus (JM Specialty Parts, San DieT CM Th» g 

to XAR-5 film overnight. After development, bands were acan«S^! . 

T * UItraSC!Ul a densitomoter (S£L5?SSlS 
Resides are expressed as the ratio of Lhe resuecUve n,ST u 

r?PK ^ ^ be ? ^ Ske,etal ™»* c »*tine plwsSL 

(CPK-M) (provided by Dr. W. Diliman, UGSD1 and the h„m?„ d ^ 

gene (provided by Dr. J. Kusari, UCSD) were ^P^SS t BRl" 

Total RNA was applied to nitrocellulose (5 mg/slot) using affiS n 

DaKed at 80 C for 2 h under vacuum. After washing the filw J! 
air-dned, exposed to XAR-G film, and quanlitated by scamiit 
eby as described above. (J-acHn >« , n««u^?^ n ^ngSr 

Immunoblot analysis 

^HW^mmnUtoR. AJ1 samples for Wesft-n, blotting WMf > p l Pnared 
from confluent monolayers of myoblasts or fused .uyombes Fo S 

ivTZridc fpS PCPS ^ 200 mn0,/l PWlmeSyEE 

K^V™? 1 ' pH 7 5) were adde<1 10 fia <* Plate, the cells scrancd 
witli a nil**- p„ii t .en«n into Eppendorf tubes and sonicated J2?r? 
en,yn,« assay (18). For PDH, cells were prepared aHXSd^r? 
m«ly for determination of er^-me activity and I nW with 0 3 ™i " 
h^oMon buffer at 4'0 containing Z TMM&Tg £moU 
HEPES 2 nmovi ET^TA, 2 mmoM EGTA, 200 mmoW PMSF 1 Z«M 
S^inf PeP-Wln. and 50 mmoM NaF aTpH vTand 
homogenized by 15 strokes of a Dounce liomogenizer AAer centrift^l 
non at 600,ror 20 mU, «He mi.nchondrial pe.let Z ^en^cS' 
(U buffer and sonltraied as described above re »«Penaea m 200 

nwS^fiJ. 08 ? tnu !"* onw P^in. total membranes were ore- 
pared by amodiflcauon oX die method developed by Klip andcoKes 
(4.26) for L6 and cultured human skeletal muscle cX OpIIq I^ 
dislodged with a rubber draper into 3 ml 4 "^mogSLSon 
containing 2311 ln/ n oM sucrose, 5 mmoM NaV, TS?K 

at pH 7.4. After ceulnfugation at fiOOg for 10 min cells wen. h«™™» 
ruzed by 20 stroke with a Dounce hlogenizer To S^uSd 

f T° gClHZOd and ct, ^*«l «« Uawibed above the 
S"* T ^ 190,000« for 60 nun to obtau', 5?ttS 

d„?h^ PC "^ ^ rownbranes w «e resuspended uvhVmog«S 
non buffer, prctem content determined, and stored at -WcSSn 
analyzed For immunoblotling, sources for conunerSl mti^^rl 
"^Jf In "fW«n. anti-peptide antibodi^ S ,o fte 
COOH-terminus of hufh PDH Bla subunit (from Dr R T ? .V 

(trom Dr. L. Groop m Malmo, Sweden) were also used. 
Detection of cellular proteins. Sonicated samples for sai™™™ 
0,-acUn, GS, and PDH were solubilized in UmSHSL wS?S 
mercaptoethanol while membrane preparation^ for GT, aL^L P " 
diluted iit Lacnunli's buffer without WSSp^hmol a^! 

cany on 8% SDS-polyacrylanude gel electrophoresis (PAGE) cols fnr 
^ d GS, 1096 gels for GLUTl and 4 2n§S ° 
PDH and Acn trai^fcrred to lutroceUulose (28). After Moctoa 
bn«d promts were blotted with specific mono- or prtSonKiSod" 
-es, washed, and incubated with anti-rabbit oriS2Si2?SS 
corougated with horseradish peroxidase. Immune l^Te '£ 

Statistical analysis. Data calculations and statistical analysis were 
performed using the StatView program (Abacus Concep^Trkeley 

JT 8 ^ n r a5ures ana,ysis ° f varia »" mowc?5 
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RESULTS 

Cell culture structure and morphoEogy. Initial analysis of 
fluorescently activated and sorted miiscle cells confirmed 
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PfG. I. Fluorescent micrographs of nnnfWd 
myoblasts (A ), fused multinucleated myotubes (B f 
and fused myotuhe* stained for skeletal . 
muscle-specific myosin-fast heavy chain (C) in 
HSMC cultures. Ceils were formaldehyde-fixed and 
d J With flnore ««»t probes TE1TC and Iloechst 
33342 dye (A and fl) and monoclonal anti-myosiu 
fast with FITC-conjugated rabbit aiili-niou»e IgG to 
demonstrate muscle striations (C), Micrographs are 



shown at *60-120\ 
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TABLE 2 

Markers of HSMC differentiation 



Myoblasts 
(nonruscd) 



Myotubes 
(fused) 

3,482 
2.068 * 0.112* 
0.351 ± 0.064* 



a-Actin (U/^g protein) 0 053 

fw 2? " protein ) a33 & ± 0.095 

_1 mRN A (arbitary units ) 0. 176 ± 0.028 

iflM pni r™- ?* NA per « total RNA/^actin raRNA per 
total RHA. CPK results are from cultures of five mtyicta 4 s O.of 

that cultures were established from cells of pure f>99%) 
njusd^anyobla.t) origin (not shown). Since WtS ceU 
matures were found to be consistently ^90% myoblasts 

S e th C e ^ fll i 0reSCGnt C6U was discoXued 

Z L 1 ^ 15 cu,t ^ es - lnthis sit»atSon, growth was 
^bushed and continued without sorting until cc^Vert 

££h^ S ° rUllg ^ of myoblast 

growth, ft won m to multinucleated myotubes wastataced 
and. muscle cell structure visually confirmed using fluores 
cent microscopy (Fig, 1). After .4 days 0 f fusion, celHS 
"bleated. Muscle mSSZSSZ. 
toon with fusion was confirmed by increases in the expres- 
sion pattern of striated- muscle specific aaccomSS 2Sta 
o? K " M activity and mRNA ,S 

d>We 2 and Fig. 2): Cell fusion of myoblasts to myotubes 

Sf ?* M mR NA levels (Table 2). Levels of B-actin 
^^^f^^^-SP^ were siS 
in myoblasts and myotubes (Kg 2) 

^^^ Q V: e i 9 ^ b ^ Both insulin and IGP-I 
forTh^ e ? caU f K to 1,186(1 ""y 0 *"^- Displacement curves 

r£™™ d mSuUn ' ^ciaHy at physiological 

x^^^r^ 0113 -? 6 ***** °f eackhormonlfor 
us own receptor, as well as possible cross-talk between 
receptors was investigated by studying 
labeled hotmone by both the unlabeled ligLd S the 
heterologous homone. These results are presented ta Fig 4 

2Tt£S m ^ hormone bL: 

S , nCe ? m&bels<1 An average affinity of 

the hormone for the receptor was determined 1 byXTeon- 



s £ 

e 2 

I » 

■ £ 




e] (imM) 

sicperiBicnte fo, each ho™,,™, each performed LwpH^ 



cc^actin protein 





p-QGtin mRNA 




HSMC cultures. MyotuEw w re r^d myotubes (MT) from 

840 



SfTf?? 110 ^^ 61 ^ Ugand displaced 50% of the 

^SS&S^-PZ <** ^ 

uT- 1~. • , ? 1/1 A Iugh ccncenlration of IGF-I displaced 
Wbe ed msuhn binding by 12-13%. The same S 
tration mmbited binding by >75%. IGF-I binding ^otabi 
was Jo of ^ ^ = Q 49 ± ^fSSSTSS 

insulm was unable to displace labeled IGF-I at physioloricS 
concentrations (Fig. 4/?). iwaiiuogicai 

Glucose transport and disposal. 2-Deoxyglucose untake 

l^TSV^ nondiabetic conS ^ -^cKL 

unear for up to 30 mm at room temperature in both tho 
absence (basal) and presence of added insulin ?33 nmoS) 

at 17.5 mnoW msulin (Fig. 5). A similar sensitivir^ 
observed, to IGF-I. Nonspecific (L-glucose) uptake ?Ue ^ 
dgjttj was unaffected at all hormone JSStaSJS 
(date not shown), indicating that only stereospecific Suco« 
upteke was stimulated by insulin or IGF-I. These resets 
co^ that myotubes have specific carrier-media^d 
port that is stimulated by insulin and IGF-I 

.Ji e 9? ati0n ? bip betWeen 1113x111,31 of insuTuvstimu- 
UM 2-deoxyglucose transport ir^b myotubes wTcornpTed 
with maxmtal m vivo glucose disposal, rates deterrSby 
hyperinsulmenuc glucose clamps in the same subjecte As 
shown m Fig. 6, a significant correlation (r = 0.S * 0 05) 
was found to exist between these measures of insulin action 
in skeletal muscle at both the in vivo and in vitro levels TWs 

r»°J« f ° n w! UdCd CeUuIar transport »d glucose disposal 
rates from both nondiabetic control and NIDDM subjects 

The presence of the glucose transporter proteins resuon- 
sible for basal (GLUT1) and msulm-stimulated (GLIJT4) 
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mln'tn w Y^T? of '^-insulin and 12fi I-IGF-I binding in fused 
myotubes. 4: myotubes were incubated with 1M I-insannf 67 3 «„* 

tour experiments each for Insulin (•) and IGF-I (O). 

glucose transpoit and their Specific mRNAs were confirmed 
in teed myotubes of HSMC cultures by Western blot analy- 
se (Pig. 7) ^d ENase protection assay (Kg. 8), respectively 
Afflnily-punfied GLUT1 and GLUT4 anti-peptide itibddjS 

Sy^i?* ° f ^ 50 ' 00 ° ^ d 45 ' 000 M > 
foTGI^^^ toe of the specific antlsem 

JJJ? ^ d GLUT v' conclusions about the 

relative expression of the two transporters in cultured myo - 
tubes cannot be determined from Western blots 
Intracellular enzymes. As shown in Table 3, a i-h Incuba- 
tion with and without 33 nmol/1 insulin demonstrates glucose 
mcorporation into glycogen as well as acute acttvSonof 
rate-hmitmg enzymes GS and PDII (29). Glycogen synthesS 
was stimulated more than double above basal (P s 0.03) and 
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0.1 



T- 

10 



I 

100 



[Hormone] (nM) 



response to insulin stimulation (P so 05) edseadU%in 
GS and PDII proteins, detected by Western blotting of cell 

TtZtT^T*' WerC PreSCnt 85 bands of ~*UW and 
miKMr n ( TO. 7)- The mRNAs Tor GS and PDH 

; -'"^ P'^ted bands of 95 and 

80 base pairs, respectively (Fig. 8) 

SSSSu tra K^ P ? rt CeUs fr9m "ondi^betic control and 
NIDDM subjects. Acute insulin exposure of cells from 

SSSS^iT^ ***** resulted in « increaselo 20?? 
SmS? SJSf* 6 ^T? (iJ * °- 01 > ^Us from 

m^2^S^ h - ab ° insulin - res P^ive (increase to 
210 ± 23% of basal). However, there were significant differ- 
ences pi glucose transport activity between HSMCs from 
■n««l»bet,c and NIDDM subjects (Fig. 9). Basal transport 
acuvny in cells from NIDDM subjecte (09 ± 1 o pSSS 
proteuvmin) was reduced to 50% of the value in celTfrom 
ZS e ^° ntrol ± L7, P s 0.005). Insulin- 

SS^h^TW**^ W3S also lower ^ from 
NIDDM subjects (13.5 ± 2.0 vs. 22.4 ± 1 3 p < n OOfn tw 

HSMO. from NIDDM subjects had. a re^ed'capici^S 
£2fT, bUt W6re ^ aWe to respond to inXh? 

icStdtS S0,ute of *» respo - e w - <^ 

To determine the level of glucose transporter proteins 

^£5S?T from HSMCs «f xiondiabefc 

aild NIDDM subjects and analyzed by SDS-PAGE followed bv 
Western blotting with specific antisera. Quantitation of elu- 
cose transporter levels in HSMCs from control and NIDDM 
subjects, determined from scanning densitometry of autora- 
diograms, is presented in Fig. 10. The expression of GLUT1 
in NIDDM cells is reduced to 70% of that in normal cells (P 
s 0.05), nearly the same value to which basal transport 
activity was reduced. GLUT4 protein expression did not 
differ between the two groups, in contrast with the depressed 
Xo h (Kg!™) ,ated tRUlsport "cttrty Present in vivo and in 



Ac ute insulin stimulation of glucose transport, glycogen synthesis, GS, and PDH activity in HSMC 



Glucose transport (17) (pniol - mg protein -1 * min - *) 
Glycogen synthesis (10) (nmol glucose • nig protein -1 
GS (13) (nniol • mg protein -1 ■ min" l ) 

Glucose-G-phosphate, 0^1 mmol/1 

Glucose-64>hosphate, 10 mmol/1 

FV(%) 

l^ruvate dehydrogenase (5) (nniol 
PDHa 
PDHt 
FV(%). 



ing protein 1 • min"' 1 ) 



Basal 


Stimulated 


13.0 ± 1.7 
0.988 ± 0.204 


22.4 ± L3t 
2,101 ±: 0.446+ 


0.22 ± 0.02 
2,67 ± 0.18 
8.15 ± 0.67 


0.47 ± 0.06f 
3.09 _L 0.2i2t 
16.15 i:2.11t 


1.02 ±0.27 
2.33 ± 0.54 
43.26 ±6,89 


1,24 0.29 fc 
2.23 ± 0.65 
56.fH).± 4.79S 



tested are shown in parenm^^^^^ ™P * or »*■ N ^ers of cultures 

mmol/I gluco^phclsphate forGS a^pS »* Pontage of acU v^y at 0.1/10 



DISCUSSION 

Despite the importance of skeletal muscle in insulin-medi- 
ated glucose disposal, including a crucial role as a site of 
insulin resistance in obesity and NIDDM, the current means 
* for studying muscle metabolism have numerous limitations. 
The HSMC culture.teehnique was modified and characterized 
as an in vitro system to permit studies of insulin action and 
cellular glucose metabolism to be performed in adult human 
skeletal muscle tissue under standardized experimental con- 
ditions. There are a number of advantages of this HSMC 
culture system that require emphasis. First, cultures can be 
readily established from as little as 250 mg of muscle tissue, 
an amount that is easily accessible from needle biopsy with 
minimal invasiveness. Second, large numbers of weJl-charac- 
terized subjects can be studied with this technique. An 
additional advantage is tltat repeat biopsies can be obtained 
from the same subject to study the effects of in vivo 
manipulation on insulin action and glucose metabolism. 
Moreover, this system permits evaluation of insulin action in 
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FIG. 6. Relationship between in vivo glucose disposal rate (GDR) (hiring 
hyperinsalincmlc (720 pmol • m -3 * iuiir l ) cu«lycemic clamp and 
insuiin^tiiuttlated 2-deoxyglucose transport in IISMCs from 13 lean and 
t£S£? l^J!: cts ™ th noiraal tolerance (•) and 4 snlyects 

with NIDDM (O). Rates of glucose disposal and 2-deoxyglucose transport 
were determined under maximal uisuUn-stiraulated conditions as 
described under mktdods (#• - 0.65, P s 0.05). 



metabolically relevant tissue without confounding hormone 
or substrate variables usually present in vivo while still 
allowing for the detailed, independent manipulation of such 
variables. 

The methodology for growth and maintenance of adult 
human skeletal muscle has recently been developed and 
utilized in several laboratories (4,5,8,9,30), but the wide- 
spread application of these .techniques had been limited by 
difficulty with tissue availability. It has previously been 
suggested that needle biopsy specimens could be adapted as 
a suitable source of muscle cultures (4). The current study 
not only confirms this impression but expands the potential 
of the technique as an accurate model to compare and study 
subjects with NIDDM as well. 

For HSMC adtures to be accepted as an accurate model to 
investigate insulin action in human skeletal muscle tissue, it 
must be demonstrated that HSMCs are both muscle cells and 
are reflective of the metabolic behavior of skeletal muscle. 
To do so, several features of the system need to be clearly 
defined. It is imperative that the cultures consist solely of 
muscle cells, and Lhis was cormrmed by fluorescence-acti- 
vated cell sorting. Visual evidence of muscle cell differentia- 
tion was provided by fluorescence microscopy demonstrating 
cell fusion, multinucieation, and the presence of striations 
using skeletal muscle-specific myosin-fast stains. Induction 
of muscle-specific proteins during differentiation was con- 
firmed by Western blots, which demonstrated increased 
sarcomeric muscle-specific a-actin and slot blots of in- 
creased CPX-M mass as well as increased CPK enzyme 
activity after fusion. The proteins responsible for basal 
(GLUT1) and insium-stimulated (GLUT4) glucose transport 
and the rate-limiting enzymes for glucose oxidation (PDH) 
and glycogen synthesis (GS) were also identified by' Western 
blotting, as were their respective inRNAs by an RNase 
protection assay. Since expression of the GLUT4 protein is 
specific only for fully differentiated adipocytes and striated 
muscle (16), the presence at GUJT4 in HSMCs could be 
interpreted as an additional marker of the differentiated 
status of the cells. As well as these morphological and 
biochemical markers, myotubes were shown to resemble 
muscle tissue metabolically, with intact insulin and IGF-1 
receptor signaling cascades that led to stimulation of glucose 
transport and activation of PDH and GS activity with in- 
creased glycogen formation. 

The presence of GLUT1 in muscle has been a matter of 
debate in the literature. Earlier studies identified the majority 
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FIG. 7. Expression of G1OT1, GLUT4, GS, Bad PDH B la proteins In 
.„«mT tBb *", ° f HS y C cuUare8 dented mdngpoiyeloKSidie, 
rdi?^^ 11 ^ ^S" 10 " &om ^KSttures were prepT^I 
Mdewrfbed under method,. For GLUT J, and GLOT4, 25 M ofmembranp 

K EL*** ln •«* «nj '°' GS, 20 M of total cellular protST 



of GLUTl protein in perineural sheaths of skeletal muscle 
with little in muscle cells themselves, although that distribu- 
tion may be muscle type-specific (31). More recent studies 
using litimwiohistoehemical -techniques, have identified 
GLUTl in muscle cells and membranes (31,32). Since our 
data establish that HSMCs contain a single lype of cell it 
would . appear to eliminate the possible contribution of other 
cell lypes to die GLUT1 observed in HSMCs, supporting 
these later studies. GLUT1 expression is also increased as a 
cell loses its differentiated phenotype (9). This could also 
contribute to the presence of GLUTl in HSMCs, but the 
numerous markers evaluated in these cultures support, the 
differentiated status of HSMCs and argue against significant 
dedifferentiation. 

The current studies indicate that human myotubes contain 
specific high-afflnity receptors for both insulin and IGF-I that 
are present in the same relative proportion as in human 
skeletal muscle (30,33). In addition to the presence of these 
receptors in skeletal muscle cultures, comparable stimula- 
tion of glucose transport in a dose-responsive manner (Fig 
5) by the respective ligand confirms that these receptors 
exhibit similar sensitivity to both hormones and are coupled 
to an appropriate metabolic response. The fact that the IGF-I 
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receptor complement in myotubes exceeds that, for insulin 
might imply that insulin is capable of acting to some extent 
though the IGF-I receptor. However, insulin had no discern- 
ible effect in displacing IGF-I binding at physiological insulin 
concentrations. Therefore, it seems unlikely that insulin 
leads to significant stimulation of glucose transport bv 
cross-talk with the IGF-I receptor but acts primarily trough 
its own receptor. The high sensitivity of glucose transport to 
IGF-I is consistent with IGF-I stimulation through its own 
receptor as well. The insulin sensitivity of glucose transport 
stamu tattoo in HSMCs (EC S0 - 1 nmo!/l) is 30-fold greater 
than that in the murine L6 myoblast (16) and is probably 
more reflective of the physiological situation in humans 
Increased insulin sensitivity may be a spedes-specific pror> 
my since Sarabia et al. (4,16).have also reported EC 50 values 
for transport stimulation iri cultured human muscle cells 
similar to those found in the currant report, that are an order 
o. magnitude less and therefore more sensitive than L6 cells 
The maximal stimulation of glucose transport in HSMO 
myotubes (twofold) is somewhat less than * commonly 
observed for insulin stimulation of in vivo glucose uptake 
into skeletal muscle (1,2). This discrepancy between in vivo 
and in vitro insulin stimulation of muscle glucose uptake 
raises some concern about how reflective the IISMC system 
may be of intact skeletal muscle. While comparable degrees 
of .stimulation might be expected to occur in the two 
systems, a number of studies indicate that- the. relative 
responsiveness of glucose transport to insulin determined in 
vivo (34), in isolated human skeletal muscle preparations 

Probes Protected Fragments 

GS PDH Qlutl G!u14 



194 



118 




72 



HG. 8. Autoradiograph of GLTJT1, GLOT4, GS, and PDH Kla tnUNA 
HTSISSSF* ^ terrai 5 ed *r RNa£e Pretention assay from fused myotubes 
£ 'S res - Sam P'<» were prepared as described under mlthour. 

™ G ^ l i 5 2 WJ »f total RNA wa* loaded, for GUIT4, 115 M , audfor 
GS "no PDH, 25 ug each. Negative control lanes of probe plus 10 us 
yeast tRNA-trore included with each protected fragment and are shown 
by LaacH lor GS, PDH, and GtTJTJ were exposed to lilin Tor 24 h and 
lanes for GLUT4 for 96 h. Locations of molecular weight markers are 
shown on the left. are 
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FIG. «. Comparison of glucose transport activity in HSMCs from 
nondiabctic control and NIDDM subjects. Cells were grown In low insulin 
(22 pmoW) and fused as described undier kbtuom. C^llswere washed and 
intubated in serum-free a-MEM for 00-90 min in the absence (basal) or 
presence (S3 nrool/1) of insulin. Cells were them washed free of media 
ejad ^deoxyglucose nptake was measured. Each meaaoremeot was ' 
perfonned In triplicate, and each value was corrected for tranptne and 
!^™™ WeUas * rote ? n - a T nondiabetic control snhjecU (n = 11)- 
^ NTODM subjects (n = 14). Results means ± SE; ++ jP =S 0.005. 

(3(>-38), and in plasma membrane vesicles of rat skeletal 
muscle (39,40) is not comparable to that reported for in vivo 
glucose uptake. 

Bonadonna et aL (34) have reported on a technique to 
measure whole body and forearm glucose utilization as well 
as glucose transport into skeletal muscle. While they found 
an approximately sevenfold increase in forearm glucose 
uptake in normal control subjects during hyperinsulincmia, 
fractional glucose transport into forearm muscle, using 3-0- 
methylglucose, only doubled in response to insulin. With in 
vitro preparations (35-38), the typical maximal effect of 
insulin on glucose transport was reported as a two- to 
threefold stimulation. Thus, it would appear that the average 
capacity of skeletal muscle glucose transport to respond to 
insulin as measured in all of these various muscle prepara- 
tions does not correspond to the augmentation that normally 
occurs for in vivo insuim^timulated glucose uptake. This 
would suggest that other factors, such- as' blood flow, non- 
cellular glucose compartments, circulating factors, and other 
norimusde tissues, may make a considerable contribution to 
the insulin responsiveness , of glucose uptake measured in 
vivo. A major advantage of the HSMC system is that these 
confounding variables either dp not exist or can be readily 
controlled or accounted for. In comparison with glucose 
transport, results in; the current report, other investigators 
who have evaluated glucose transport into cultured human 
muscle cells have found an average insulin stimulation of 
35-60% (4,9). Thus, the methodology and modifications that 
we have applied to the culture and differentiation conditions 
appear to have improved the responsiveness" of the glucose 
transport system to a degree comparable with other in vitro 
systems. 

Although a one-to-one relationship does not exist between 
the magnitude of insulin stimulation of in vivo glucose 
uptake and glucose transport measured in our system or that 
of others, a significant correlation was found in the current 
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study when maximal insulin-stimulated rates of 2-deoxyglu- 
cose transport in HSMC cultures of individuals were com- 
pared with their glucose disposal rates determined during 
hyperinsulinemic clamps (Fig. 6). That is, a positive relation- 
ship was present between in vivo and in vitro measures of 
glucose uptake such that individuals with a low maximal rate 
of insulin-stimulated glucose disposal tended to have low 
maximal rates of insulin-stimulated glucose transport in their 
HSMC cultures. 

Having satisfied ourselves that HSMCs are sufficiently 
similar to skeletal muscle to serve as an accurate model 
system, we set out to use the advantages of a cell system- 
full exposure of cells to media, technical ease for assay of 
initial rates of Iransport, and independent manipulatioh of 
variables— to study glucose transport regulation. The data 
in Fig. 9 reveal that HSMCs from NIDDM subjects display 
decreased glucose transport; activity. The transport, defect in 
HSMCs was reflective of differences in peripheral glucose 
disposal measured in vivo (34,41-43), a anther advantage of 
■this system. The average 50% reduction in maximally insulin- 
stimulated glucose transport in cells from NIDDM subjects 
compared with those from nondiabetic control subjects is of 
the same magnitude as that seen for peripheral glucose 
uptake in these and other subjects (7,41-43), forearm trans- 
membrane glucose transport, measured in vivo (34) or with 
isolated muscle strips in vitro (35,36), and in isolated adipo- 
cytes (44-47J. These results provide further evidence that 
the metabolic behavior of HSMCs resembles events in skel- 
etal rnuscle tissue. 

The retention of this glucose transport defect, even after 
extended time in culture, suggests that impaired glucose 
transport in NIDDM subjects Is the result of either a genetic 
or a nonreversible acquired defect and is not necessarily a 
result of the hormonal and metabolic milieu. While the 
HSMC system is not strictly a primary culture' system, culture 
for multiple passages would be required to firmly establish a 
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10 Comparison of glucose transporter isoform expression In 
HSMCs from nondiabctic control and NIDDM subjects. Cells were grown 
in 22 pmol/l insuUn as described in the legend to tfig. 1. Total membranes 
were prepared, proteins were separated on SDS-PAGE, and Western blot 
analysis was performed as described under methods. Quantitation of 
GLUT1 and GMJT4 wag performed by scanning densitometry of HSMCs 
from nondiabctic control n = 7) and NIDDM n s 8) subjects. 
Results arc means ± SE and are normalized to the amount of merabran* 
protein loaded on the gel. *P £ 0.05. 
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Table 2: 2-Deoxyglucose Values 



Nutrient 



Chromium Picolinate 

(CrPic) 



a-lipoic Acid 

(aLA) 



Picolinic Acid 

(PA) 



Arginine 
(A) 



Bio tin 

(B) 



Concentration* 

0 
2 
4 
8 

10 
20 
Control 
30 
300 

CrPic 5/cdLA 30 
CrPic 5/otLA 300 
CrPic 20/ocLA 30 
CrPic 20/otLA 300 
CrPic 5 

CrPic 20 

0 
42.5 
' 85 . 
CrPic 5/PA 85 
CrPic 10/PA85 
CrPic 5 . 
CrPic 10 
0 
50 
500 
CrPic 2.5/A 50 
CrPic 2.5/A 500 
CrPic 2.5 
Control 
10 
50 

CrPic 5/B 10 
CrPiclO/B 10 
CrPic 5/B 50 
CrPic 10/B 50 

CrPic 5 

CrPic 10 



Glucose Uptake 



Basal 

1.16±0.10 
1.15 ±0.04 

1.13 ±0.03 
1.17 ±0.07 

1.14 ±0.09 
1.10 ±0.03 
1.17 ±0.07 
1.14 ±0.03 
1.20 ±0.05 
1.07 ±0.02 
l.lO±0.07 
Ul±0.04 
1.20 ±0.04 
1.12 ±0.05 
1.11 ±0.01 
1.25 ±0.07 
lil8 ±0.08 
1.20 ±0.10 
1.17 ±0.26 
1.24±o:i3 
1.19 ±0.18 
1.22 ±0.16 
1.46 ±0.11 
1.50 ±0.06 
1.55 ±0.12 
1.48 ±0.11 
1.42 ±0.07 
1.40 ±0.10 

110±0.10 
1.07 ±0.02 
1-24 ±0.09 

1.18 ±0.10 
1.16 ±0.01 
1.22 ±0.04 
1.26 ±0.08 

1.19 ±0.05 
1.14±0.10 



Insulin-Stimulated 

1.56 ±0.12 

1.63 ±0.20 

1.64 ±0.08 
1.70 ±0.13 
1.78 ± 0.06 
1.88 ±0.04 

1.57 ±0.09 

1.68 ±0.16 
1.85 ±0.20 

1.69 ± 0.07 
1.78 ±0.09 
1.65 ±0.07 
1.87 ±0.02 
1.62 ±0.05 

1.65 ±0.04 
146: ±0.05 
1.32 ±0.03 
1.37 ±0.06 
1.44 ±0,10 
1.52 ±0.13 

1.66 ±0.14 
1.80 ±0.07 



1.78 ±0.04 
1.82 ±0.06 
1.80 ±0.10 
1.87 ±0.08 
1.85 ±0.07 
1.82 ±0.10 

1.52 ±0.10 
1.52 ±0.06 
1.52 ±0.06 
1.76 ±0.07 
1.81 ±0.14 
1.97 ±0.07 
2.17 ±0.20 
1.70 ±0.14 
1.68 ±0.08 



% Change 

34.5 
41.7 
45.1 
45.3 
56.1 
71.0 
34.2 
47.4 
54.2 
57.9 
61.8 
49.5 
55.8 
44.6 
48.6 
16.8 
11.9 
14.2 
.23.1 
22.6 
39.5 
47.5 



21.9 
21.3 
16.1 
26.4 
30.3 
30.0 

38.2 

42.0 

22.6 

49.1 

56.0 

61.5 

72.2 

42.8 

47.4 
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EXHIBIT C 



Figure 1 . Glucose Update in Human Skeletal Muscle Cells 



Change in Glucose vs 
Control (pmol/mg 
protein/min) 
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